SI MATERIALS AND METHODS

Plant materials and growth conditions
Arabidopsis thaliana accession Columbia (Col-0) was used as wild type throughout the study.
The T-DNA line for EXPANSINA1 (AT1G69530), expa1-1 (SALK_010506), was obtained from the Nottingham Arabidopsis Stock Centre (NASC) and genotyped using the following gene-specific primers: CAAAGCAGACCACTATGACCC and TGTTCGGTAAGGCGTTGTTAG. The pUBQ10::EYFP:NPSN12 (WAVE131YFP) line has been previously described (53). The expa1-2 allele was generated as previously described (59) in , Fig. S5A ).
Microscopy
For localization/expression experiments, a Leica TCS-SP5 confocal microscope (Leica, Milton Keynes, UK) was used. Excitation and emission wavelengths were as follows: GFP -488 and 485-545 nm; YFP -514 and 525-600 nm; PI 514 and 570-670 nm. Roots were stained with 10 μg/ml propidium iodide (Sigma) for 2 min, rinsed and mounted in water.
Plasmids and constructs
The pEXPA1::n3xGFP line was generated using a previously published vector backbone (2) with the EXPA1 promoter fragment defined as 1901 base pairs upstream of the start codon.
Homozygous transgenic lines were used for all experiments. To generate expression constructs, standard molecular biology procedures and Gateway Cloning Technology (Invitrogen) were used. For the pEXPA1::EXPA1:6xHis complementation construct, the genomic sequence of AtEXPA1 (fragment containing the 2.5 kb promoter, coding sequence and the UTR's was PCRamplified using TTCCAAATATAGCATTGGACCGT and AGCACTCGAAGCACCACTT) was cloned into the entry vector pCR8-GW-TOPO and transferred into the destination vectors pGWB7 (no promoter, 6xHis tag) (3). The pGATA23::shy2-2:GR and pGATA23::slr-1:GR plasmids were generated by GreenGate based cloning (4 (4)) and
pUB10::3xGFP:PIP1;4 (PIP1;4 D module created by PCR from genomic DNA). All GreenGate transformation vectors carry sulfadizine resistance as described in (4) . The sequences of the primers used are listed in SI Appendix, Table S1 . Plasmids were transformed into Agrobacterium tumefaciens strain C58 (pMP90) and Arabidopsis thaliana plants were transformed by floral dip as previously described (6) . Homozygous, independent transgenic lines with a single insert were analyzed.
Transcriptome profiling of pGATA23::shy2-2:GR and pGATA23::slr-1:GR
Samples were prepared for harvesting following a modified version of the lateral root induction system protocol (7) . Seeds of the pGATA23::shy2-2:GR and pGATA23::slr-1:GR lines were The RNASeq data have been deposited to GEO under the following accession number:
GSE122677.
RT-PCR gene expression analysis
Total RNA was extracted from roots using a Qiagen ® RNeasy plant mini kit or using phenol (9) . Poly(dT) cDNA was prepared from total RNA using the SuperScript II ® Reverse Transcriptase (RT) from Invitrogen ® . qPCR was performed using PerfeCTa SYBRGreen ® FastMix, Low ROX (Quanta) on Roche LightCycler 480 apparatus. Results of the qPCR analysis are from a minimum of two independent biological replicates with four technical replicates in each. Expression of EXPA1 was determined using the following primers:
GATGTCAAGAAACTGGGGACA and GAAAGACCAGCCTGCGTTAG (expa1-1 allele) and
CTACGGTGGTGGTGATGCTT and CTCGAAGCAAGCACCACAAC (expa1-2 allele). Expression levels were normalized to that of the control gene ACTIN or AT1G13320 (1) using the following primers:
CTGGAGGTTTTGAGGCTGGTAT and CCAAGGGTGAAAGCAAGAAGA (ACTIN) or TAACGTGGCCAAAATGATGC and GTTCTCCACAACCGCTTGGT (AT1G13320).
(Lateral) root phenotyping [length, LR numbers, division patterns, cell size measurements]
The root length and number of lateral roots were determined using a dissecting microscope and ImageJ software (imagej.nih.gov/ij/). Lateral root density indicates the number of lateral roots per cm of the primary root. All data are the mean values for each plant considered. Experiments were repeated three times and statistical analysis of data was performed using a Student's t-test.
Lateral root bending assays were performed on 3 DPG seedlings according to the method described previously (10) . The primordia were considered to be in Stage II when at least one periclinal division was observed. Quantification of frequency of occurrence of normal and disorganized primordia was performed on 7 or 10 DPG seedlings. The primordia were classified as disorganized if the anticlinal divisions of Stage I primordia were misplaced or supernumerary (e.g. Fig. 2C ). For cell size measurements following treatment, confocal Z-stacks of roots were collected ~400 microns from the tip with the xylem poles in focus. The stacks were processed into 2D images with the different cell layers in focus using the z-project feature in Fiji (imagej.net/Fiji). Although the curvature of the root surface varies greatly, the surface of the pericycle cells in the longitudinal confocal section is small enough to be locally flattened in 2D without too much cell shape deformation (SI Appendix, Fig. S5B ). The cell width was measured at multiple points along the cell and averaged out to account for non-uniform cell shapes of the different cell layers (SI Appendix, Fig. S5C ). To account for membrane thickness, the measurements were taken at midpoint to midpoint of the membrane surface. For the analysis of division patterns in Figure 2E , confocal time series of expa1-2 and cosegregating wild type were acquired for up to 24h in 5 day-old plants in which lateral root formation was induced by gravistimulation for 4h. Patterns were analyzed in the bends of 16 expa1-2 and 13 wild type plants (without taking into account that lateral root primordia typically initiate from 3 parallel pericycle cell files).
Statistical analysis
Statistical analyses were performed either with R (www.R-project.org/) or Prism (https://www.graphpad.com/scientific-software/prism/). Plotting was done either in R using the ggplot2 (ggplot2.org) package or with shiny.chemgrid.org/boxplotr/.
Confocal Raman microscopy
Col-0 and expa1-1 seedlings were subjected to the lateral root induction system described in Appendix, Fig. S5A) . The roots were embedded in 4% Agarose (BioReagent for molecular biology, low EEO, Sigma-Aldrich) and 100-micron thick root cross sections were prepared with a Vibratome (Leica VT 1000S Vibratome). The sections were sealed in D2O (Sigma-Aldrich) on a glass slide with nail paint to prevent evaporation of the solvent. Confocal Raman spectroscopy and imaging was performed using a Horiba LabRAM HR microscope equipped with a piezoelectric scan stage (Märzhäuser, Germany) using either a 532 nm or a 785 nm laser, a 100x air objective (Nikon, NA = 0.9) and 50µm confocal pinhole. To simultaneously scan a range of Raman shifts, a 600 lines mm -1 rotatable diffraction grating along a path length of 800 mm was employed. Spectra were detected using a Synapse CCD detector (1024 pixels) thermoelectrically cooled to ~60°C. Prior to spectral acquisition, the instrument was calibrated using the zero-order line and the diagnostic phonon mode at 520.7 cm -1 from a Si (100) 
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Monosaccharide analysis
Whole roots of 7 DPG Col 0 and expa1-1 seedlings grown on ½ MS at 22°C under continuous light condition were used for analysis. For auxin treatment, the 7 DPG seedlings were treated with 10 µM NAA in liquid ½ MS medium for 6 h followed by five washes in distilled water.
The root fraction was isolated by cutting at the base of the hypocotyl and the samples were air dried at 37°C for two days. Dried root samples were hydrolyzed by Saeman hydrolysis (60) and monomeric sugar composition determined via High Performance Anion Exchange Chromatography with Pulsed Amperometric Detection (HPAEC-PAD). 30 mg of homogenized, dried root tissue was subject to two stage hydrolysis. 12 M sulphuric acid (1 ml)
